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EgyptianAbstract: The aim of this study was to calculate the total length of the humerus and identify the sex
from its fragments in Egyptians. One hundred and ﬁfty dry adult right humeri (75 male and 75
female) were studied. The humeri were divided into seven fragments according to speciﬁc anatomical
landmarks. Data obtained was subjected to descriptive statistical analysis. The longest fragmentary
portion revealed a good result with closest proximity to the total length of humerus. All fragments
showed signiﬁcant sexual differences (P< 0.001) between males and females except H2. Total length
of humerus revealed the highest percentage of accuracy (93.3%) followed by H4 (86.7%) and H7
(83.3%) for sex identiﬁcation. Finally, from measurements of different humeral fragments in
Egyptian population; the length of the humerus can be estimated and the sex can be identiﬁed.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Several factors are essential for forensic experts to be able to
identify an unknown dead body in many anthropological cases
and traumatic events. Identifying the sex of a body and esti-
mating the body’s stature are considered the most important
factors in establishing the identity of indeﬁnite dead bodies,
parts of bodies, or even skeletal fragments.1
In forensic examinations, sex determination is considered
the simplest assignment because the external and internal gen-
italia can directly assert the sex of the deceased.2 On the other
hand, in cases of severely decomposed, commingled, and dis-
membered dead bodies, determining the sex of the deceasedis a challenging task. In addition, sex determination is impor-
tant to evaluate other parameters of a biological proﬁle, such
as stature and age.3
There are many techniques to determine the demographics
(e.g., sex and race) from skeletal remains in the ﬁeld of forensic
anthropology. A qualitative morphological examination
(non-metrical method) is the simplest and fastest method with
95–100% accuracy if the whole skeleton is available and the
observer is an expert. This method depends on visual inspec-
tion of the sexual and physical characteristics of the bones,
which are distinctive to the elements of the human skeleton.4
A second technique, a morphometric method, relies on
measurements and statistical techniques. These methods are
considered more advantageous for data evaluation and its
application to the skeleton.5 However, many indices depend
on direct distances between two bony landmarks, and the com-
plicated pattern of an osseous curve cannot be studied.6,7
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teristics is used as a new technique. Geometric morphometrics
is a method that can compute the differences of the shape of
bones in a two- or three-dimensional (2D or 3D) coordinate
system by obtaining the mean.8 Recent advances in geometric
morphometrics allow analyses of bone conﬁgurations and sex
determination.9,10
It was difﬁcult to estimate a body’s stature from available
bone fragments following mass disasters or even from archeo-
logical remains. Some forensic experts neglected fragments of
bones, thinking that no beneﬁt could be gained from such frag-
ments; however, in 1935, Mu¨ller recorded a scientiﬁc basis for
estimating long bone length from fragments.11
It has been reported that the stature of an individual can be
estimated from the length of the long bones of the limbs.1 The
femur was considered the most ideal bone to estimate stature
in the majority of past studies.12,13 However, populations dif-
fer in the relationship between stature and lengths of limb
bones. Therefore, speciﬁc equations for stature estimation
are required for each population.14
Many researchers studied the sexual dimorphism of adult
skeletons15–17 using the dimensions of the skull, face18,19, long
bones20,21, hands, feet22–24, and pelvis.25,26 Scholars proved
that a speciﬁc study is needed for each population to gain accu-
rate results for the sexual identiﬁcation of a skeleton.27 Dis-
criminant function analysis had been used to estimate the sex
from bones if they are suspected to be sexually dimorphic.28,29
The pelvis was considered to be the most accurate bone for sex
determination, as it allows for parturition in females.30
The humerus is one of the important long bones of the
skeleton due to its strength, even in a fragmented state, and
it is possible to be recovered in a forensic case. Classical osteo-
metric techniques have been used to realize the value of esti-
mating the humerus length from its fragments31,32 and
conﬁrming the existence of sexual dimorphism in the
humerus.33,34 In anthropometric studies, the humerus is a
moderately studied bone. It plays an essential role in sex iden-
tiﬁcation, stature estimation of the individual, forensic studies,
etc.35
The aim of this study was to derive regression equations for
establishing the total length of the humerus and discriminant
function equations for sexual identiﬁcation using different
humerus fragmentary measurements in Egyptian populations.Figure 1 Humerus with anatomical landmarks in relation to
different fragments.2. Materials and methods
The humerus bone collection used in this study was obtained
from the dissected cadavers of Egyptians in the Forensic Med-
icine Department of the Justice Ofﬁce in Minia Governates-
Egypt and also from the Anatomy Department of Minia and
Cairo universities. These bones were selected in a dried and
fully ossiﬁed state. The deformed, atrophied, or pathological
bones were not included in this study. The age and sex of
the cadavers were recorded; however, full information about
the individuals was unavailable.
By a simple random sampling technique, 150 humeri (75
males, 75 females) of an Egyptian population were chosen.
The age for both sexes at death ranged between 20 and
60 years. The period of human history from which the bones
have been collected is not recorded in the archives of the anat-
omy department of Minia and Cairo Universities. The righthumeri only were used in this study because both humeri of
the same individual were unavailable and the right side was
the dominant side.
Eight measurements were taken from each humerus. Each
humerus was fragmented by drawing imaginary lines at differ-
ent anatomical landmarks (Fig. 1).
The anatomical landmarks are:
a: is the most proximal point on the head
b: is the most inferior point on the margin of the articular
surface on the head
c: is at the convergence of two areas of muscle attachment
just below the major tubercle
d: is at the upper margin of the olecranon fossa
e: is at the lower margin of the olecranon fossa
f: is at the most distal point on the trochlea
g: is the most lateral protruding point on the lateral
epicondyle
h: is the most medial protruding point on the medial
epicondyle
i: is the most superior point on the margin of the articular
surface of the head
Figure 2 H7 (The vertical head diameter).
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cal studies.36,37
The measurements include:
H1(a–f): is the total length of humerus, H2 (a–b), H3 (b–c),
H4 (c–d), H5 (d–e), H6 (e–f), H7 (i–b) is the vertical
head diameter and H8 (g–h) is the biepicondylar
width.Table 1 Descriptive statistics for humerus measurements, Corr-coe
Total number 150 Mean ± SD Propo
H1 31.37 ± 1.33 100
H2 3.14 ± 0.3 10.02
H3 1.98 ± 0.29 6.31
H4 22.65 ± 0.95 72.2
H5 1.91 ± 0.23 6.07
H6 1.68 ± 0.17 5.37
H7 4.28 ± 0.36 13.63
H8 5.9 ± 0.31 18.84
H1(a–f): is the total length of humerus, H2 (a–b), H3 (b–c), H4 (c–d), H5
the biepicondylar width.
Table 2 Morphometric humerus measurements among males and f
Fragment Male/female Me
H1 Male 32.
Female 30.
H2 Male 3.
Female 3.
H3 Male 2.
Female 1.
H4 Male 23.
Female 21.
H5 Male 2.
Female 1.
H6 Male 1.
Female 1.
H7 Male 4.
Female 4.
H8 Male 6.
Female 5.
H1(a-f): is the total length of humerus, H2 (a-b), H3 (b-c), H4 (c-d), H5 (d
biepicondylar width.The total length of each humerus was measured roughly
using a metal ruler, but other measurements were taken by a
digital caliper. The digital caliper provides precision readings
from 0.01 mm and 0.000500 through a clear liquid–crystal dis-
play (Fig. 2).3. Statistical analysis
The data obtained were analyzed using statistical package,
SPSS, version 20.0. Mean and standard deviation were calcu-
lated for all measurements.
3.1. Length of humerus
A regression formula is the most accepted method in determin-
ing a body’s stature from various anthropometric dimen-
sions.38 In this study, a simple linear regression analysis was
done to derive regression equations for estimating the total
length of a humerus from its fragments. The signiﬁcant param-
eters, such as t-ratio, P-value, and correlation coefﬁcient, weref (r), and P-value irrespective of sex.
rtion in % Corr-coef (r) P-value
± 0
± 0.98 0.166 0.042
± 0.78 0.637 <0.001
± 1.4 0.895 <0.001
± 0.61 0.590 <0.001
± 0.46 0.603 <0.001
± 0.95 0.568 <0.001
± 1.01 0.405 <0.001
(d–e), H6 (e–f), H7 (i–b) is the vertical head diameter and H8 (g–h) is
emales in Egyptian population.
an ± SD Proportion to the total length (%)
42 ± 0.81 100 ± 0
32 ± 0.81 100 ± 0
15 ± 0.24 9.73 ± 0.83
13 ± 0.35 10.32 ± 1.04
12 ± 0.28 6.54 ± 0.77
84 ± 0.22 6.08 ± 0.73
31 ± 0.72 71.89 ± 1.29
98 ± 0.63 72.51 ± 1.44
05 ± 0.18 6.33 ± 0.58
76 ± 0.17 5.82 ± 0.53
78 ± 0.16 5.48 ± 0.47
59 ± 0.13 5.25 ± 0.42
46 ± 0.32 13.77 ± 0.96
09 ± 0.3 13.49 ± 0.94
07 ± 0.16 18.73 ± 0.64
74 ± 0.33 18.94 ± 1.27
-e), H6 (e-f), H7 (i-b) is the vertical head diameter and H8 (g-h) is the
Table 4 Signiﬁcant statistical variables for humerus lengths
differences among males and females.
Fragment Wilk’ lambda P value
H1 0.375 <0.001
H2 0.999 0.686
H3 0.772 <0.001
H4 0.511 <0.001
H5 0.616 <0.001
H6 0.720 <0.001
H7 0.740 <0.001
H8 0.711 <0.001
H1(a–f): is the total length of humerus, H2 (a–b), H3 (b–c), H4 (c–
d), H5 (d–e), H6 (e–f), H7 (i–b) is the vertical head diameter and H8
(g–h) is the biepicondylar width.
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different fragments to the total humerus length.
3.2. Sex estimation
A Student’s t-test was performed to establish the signiﬁcant
differences between male and female measurements. A univari-
ate discriminant function analysis was performed for signiﬁ-
cant measurements to test its efﬁciency in sex estimation.
Coefﬁcients and constants were obtained for calculating dis-
criminant function scores and equations. In addition, demark-
ing points, which are the average of male and female mean
values, were obtained.
All the statistical calculations and comparisons have been
carried out at a 5% level of signiﬁcance (i.e., P= 0.05).
4. Results
This study examined 150 humerus bones (75 male and 75
female). Eight measurements were taken from each humerus.
Irrespective of sex, the total length of a humerus was 31.37
± 1.33 cm; correlation coefﬁcients for all humerus measure-
ments versus total lengths (H1) were signiﬁcant (P< 0.05)
(Table 1).
Mean values for males and females and proportions of the
measurements to total length of humeri are presented in
Table 2. The longest fragment (H4) revealed the closest prox-
imity to the total length of the humerus in both sexes (males
71.89 ± 1.29% [23.31 ± 0.72 cm] and females 72.51
± 1.44% [21.98 ± 0.63 cm]) (Table 2).
Table 3 provides a correlation coefﬁcient (r), t-ratio, P-
value, and regression equations for all measurements of males
and females. The humerus fragments showed signiﬁcant posi-
tive correlations with the total length of humeri (P< 0.05);
however, the H3 and H8 fragments in females and the H2,
H5, and H8 fragments in males were insigniﬁcant (P> 0.05).Table 3 Simple linear regression statistics for reconstruction of hum
Fragment Sex Corr-coef (r) T rat
H2 M 0.211 1.84
F 0.538 5.45
H3 M 0.707 8.53
F 0.204 1.78
H4 M 0.816 12.04
F 0.746 9.57
H5 M 0.021 0.18
F 0.407 3.81
H6 M 0.418 3.93
F 0.283 2.51
H7 M 0.269 2.38
F 0.361 3.31
H8 M 0.122 1.05
F 0.120 1.03
H1(a–f): is the total length of humerus, H2 (a–b), H3 (b–c), H4 (c–d), H5 (
biepicondylar width.By Student’s t-test, all measurements of the humerus frag-
ments revealed signiﬁcant differences between the mean values
of males and females (P< 0.001) (except the H2 fragment
where there was an insigniﬁcant difference, P> 0.05), which
indicates the presence of sexual dimorphism in the measure-
ments of humerus fragments for the Egyptian population
(Table 4).
Discriminant function statistics that estimated the sex of
unknown humerus fragments are presented in Table 5. Sex
can be estimated from humerus fragments by calculating a dis-
criminant score ([measurement  coefﬁcient] + constant). The
sectioning point for all functions is zero; if the score isP0, it is
considered male; however, if the score is <0, it is considered
female.
The most effective measurement for sex estimation by uni-
variate discriminant analysis was the H1 fragment (the total
length of a humerus), which had the highest percentage of
accuracy (93.3%). This was followed by the H4 fragment
(86.7% accuracy), H7 fragment (vertical head diameter,
83.3%), H8 fragment (biepicondylar width, 76.7%), H5erus length from its fragments.
io P value Regression equation Y= a+ bX
0.07 H1 = 34.66 + (0.708H2)
<0.001 H1 = 26.4 + (1.25H2)
<0.001 H1 = 28.15 + (2.009H3)
0.078 H1 = 28.55 + (0.741H3)
<0.001 H1 = 11.02 + (0.918H4)
<0.001 H1 = 9.12 + (0.964H4)
0.855 H1 = 32.23 + (0.094H5)
<0.001 H1 = 27.03 + (1.866H5)
<0.001 H1 = 28.73 + (2.074H6)
0.014 H1 = 27.59 + (1.718H6)
0.02 H1 = 29.41 + (0.676H7)
0.001 H1 = 26.39 + (0.960H7)
0.295 H1 = 28.67 + (0.618H8)
0.306 H1 = 32.01 + (0.293H8)
d–e), H6 (e–f), H7 (i–b) is the vertical head diameter and H8 (g–h) is the
Table 5 Univariate discriminant function analysis with demarking points for sex identiﬁcation of humerus in Egyptians.
Fragment Constant Coeﬃcient Sectioning point Accuracy (%) Demarking point
In males In females Total
H1 38.288 1.22 0 93.3 93.3 93.3 Male > 31.37 > female
H3 7.668 3.86 0 60 66.7 63.3 Male > 1.98 > female
H4 33.179 1.465 0 80 93.3 86.7 Male > 22.645 > female
H5 10.44 5.466 0 66.7 80 73.3 Male > 1.905 > female
H6 11.183 6.63 0 73.3 66.7 70 Male > 1.685 > female
H7 13.483 3.15 0 80 86.7 83.3 Male > 5.275 > female
H8 22.47 3.804 0 80 73 76.7 Male > 5.905 > female
H1(a–f): is the total length of humerus, H2 (a–b), H3 (b–c), H4 (c–d), H5 (d–e), H6 (e–f), H7 (i–b) is the vertical head diameter and H8 (g–h) is
the biepicondylar width.
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(63.3%) (Table 5).
Table 5 also presents the demarking points, which are the
sums of the mean values for males and females divided by 2.
If the measured value was greater than the demarking point,
it was assigned as a male, while lesser values suggested a
female.
Note: All measurements are in centimeters.
5. Discussion
The measurements of the length of long bones are essential
tools for estimating an individual’s stature. These estimations
play an important role for medico-legal investigations in iden-
tifying missing persons.39 Because the humerus is the longest,
largest, and strongest (even in a fragmented state) bone of
the upper body, stature estimation can be done from a
humerus in the absence of other proper long bones, such as
a femur. Hence, it is essential to identify the humeral length
from its fragmental measurements.32 The importance of the
total humerus length in identifying speciﬁc features of a popu-
lation has been reported.40
Regression analysis is better suited for estimating the rela-
tionship among variables: between the height of the individuals
and the length of the long bones and between maximum length
of the long bones and the measurements of their fragments.41
It has been suggested that each population has speciﬁc regres-
sion equations that should not be applied to other populations,
as this may lead to underestimation or overestimation of
stature.42
Mysorekar et al.43 reported signiﬁcant differences in
humerus lengths between the right and left sides and computed
different equations for each side. In the present study, we for-
mulated a regression equation for each humeral fragment, with
the sex identiﬁed on the right side in an Egyptian population.
This was to estimate the total length of a humerus to obtain
accurate results.
In this study, our results revealed that the mean humeral
length on the right side, irrespective of sex, was 31.37
± 1.33 cm. This result agrees with a study done by Salles
et al.44 in Brazil; the mean humeral length was 31.3
± 2.3 cm. A study was conducted in southern India, reveal-
ing that the mean humeral length was 30.28 ± 2.44 cm.32
Devi et al.45 found that there is a signiﬁcant difference
between the right and left sides in some humeral measure-
ments; in their study, the mean humeral length was 30.84± 1.78 cm on the right side. A study by Mahakkanukrauh
et al.14 was carried out on a sample from a northern Thai
population and found that the mean humeral length was
30.78 ± 1.57 cm. All previous studies revealed that the mean
humeral length ranges between 30 and 31 cm with standard
deviation.
All humerus fragments, irrespective of sex, showed a posi-
tive correlation with the total length of the humerus. This
result agrees with a study carried out by Mohanty et al.36 in
which all fragments (coinciding with our study’s H2, H3,
H4, H5, and H6 fragments) revealed a positive correlation to
total humeral length. A study by Gayatri el al.46 revealed a sig-
niﬁcant vertical diameter of the humerus head and a biepi-
condylar width of the distal end of the humerus to the total
humeral length. Premchand and Manjappa47 revealed signiﬁ-
cant humeral segments that coincide with the H2, H5, and
H6 segments in our study. Udhaya et al.32 showed signiﬁcant
biepicondylar width and vertical diameter of the superior artic-
ular surface with signiﬁcant maximum humerus length of up to
78% of contribution.
On sex differentiation, our study revealed that the mean
humeral length on the right side was 32.42 ± 0.81 cm for
males and 30.32 ± 0.81 cm for females. Our results are almost
similar to other studies, as in a south Indian population; the
mean humeral length was 31.78 ± 0.3 cm for males and
30.14 ± 0.45 cm for females.36 Mall et al.1 conducted a study
at the Anatomical Institutes in Munich and Cologne, revealing
that the mean maximum humeral length was 33.4 cm for males
and 30.7 cm for females. Holman and Bennett48 obtained sam-
ples from white North American individuals and found that
the humeral length was 32.6 cm in males and 30.0 cm in
females.
These minimal variations in lengths may be due to the dif-
ferences between populations as a result of environmental fac-
tors, genetic factors, nutrition, and different lifestyles that
affect bone growth and development.49
In the present study, the fourth fragment, H4, showed very
good results and was very close to the total length of the
humerus, either sex aggregated or sex differentiated. It is clear
from our study that longer segments of bone are better for esti-
mating the total lengths of humeri rather than shorter seg-
ments within subpopulations. This result is similar to that of
Mohanty et al.36, as the longest segment (H4) constitutes
67.06% (21.33 cm) by proportion to the total length of the
humerus in males; in females, it constitutes 66.3% (19.98 cm)
of the total length.
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positive correlations with the total humerus length; the H3
and H8 fragments in females and the H2, H5, and H8 frag-
ments in male were insigniﬁcant. On the other hand, Mohanty
et al.36 revealed that in males, all humerus fragments were sig-
niﬁcant except the H2 fragment, but in females, all humerus
fragments were signiﬁcant for estimating the total length of
the humerus. Mall et al.1 showed signiﬁcant vertical head
diameters and epicondylar widths of humeri. There are no sim-
ilar studies available for Egyptian populations that can be used
to compare with our study.
Sex determination is the ﬁrst step in identifying and individ-
ualizing an unknown person in forensic sciences. The discrim-
inant function equations for sex identiﬁcation of skeletal
remains are considered a common practice; however, it has
been reported that these functions are likely to be population
speciﬁc, so it is essential for every region to develop its own
equation.50
In our study, for all male and female humerus samples, the
results revealed that there was a signiﬁcant difference between
males and females in all measurements except for the H2 frag-
ment. This indicates the presence of sexual dimorphism in the
measurements of humerus fragments for the Egyptian popula-
tion. Therefore, the discriminant function results in this study
will be signiﬁcant tools for investigators in forensic science.
A univariate discriminant function analysis was performed
for signiﬁcant measurements to test its efﬁciency in sex estima-
tion. The total length of the humerus (H1) revealed the highest
percentage of accuracy (93.3%) followed by the H4 fragment
(86.7%), H7 (vertical head diameter, 83.3%), H8 (biepicondy-
lar width, 76.7%), H5 (73.3%), H6 (70%), and H3 (63.3%).
Therefore, the length of the humerus was the most sexually
dimorphic for the Egyptian population.
Our results agree with a study carried out by Singh and
Singh51 in an Indian population and found that the maximum
length of the humerus is a good measurement for identifying
the sex of an individual. Also, a study performed in southern
India by Patil et al.52 revealed that the two measurements with
the greatest sex differences were the maximum humeral length
and the maximum diameter at midshaft.
Our results are in contrast with those obtained by Mall
et al.1, revealing that the head diameter of the humerus is
the most useful dimension for discriminating sex. The epi-
condylar width was the third best of all measurements and bet-
ter for identifying sex than the maximum length of the
humerus.
Also, a comparative study done by Iscan et al.53 showed
that the most accurate measurement was the humeral epi-
condylar width, with an accuracy of 90% in a Japanese popu-
lation and 93% in a Thai population; the vertical humeral
head diameter was the most accurate measurement (81%) in
a Chinese population. Frutos17 revealed that the vertical head
diameter and epicondylar breadth of the humerus on the left
side were signiﬁcantly greater in males than females, with a
percentage of accuracy of 95.5%, 91.1%, and 83% for the
maximum diameter of the head, epicondylar breadth, and
maximum length of the humerus, respectively. Soni et al.54
found that the single best parameter for sexual dimorphism
was epicondylar width (87.5%). Other authors suggested that
the most effective measurements for sexual dimorphism was
the vertical head diameter.55Sexual dimorphism in the humeral measurements may be
due to differences in body size, muscular activity, discrepancy
in bone remodeling between the sexes, and greater develop-
ment of cortical bone during adolescence in males than in
females.56 Some authors suggested that the differences in the
sexes and statures among different populations may be due
to extremely low or extremely high protein consumption.57
Others showed that sexual dimorphism may be due to the
effect of physical activity on bones that inﬂuence the diaphy-
seal dimensions of the long bones.58,59
7. Conclusions
Our study has shown that the humerus is a useful bone, even in
a fragmented state, for identifying sex and estimating humeral
length. Identifying commingled and dismembered remains,
such as in cases of explosions, air disasters, natural disasters,
mutilations, or in certain cases of homicide, can be helpful to
estimate the stature and distinguish the sex of an individual
with the highest percentage of accuracy using the total length
of humerus (93.3%).
Hence, our study is helpful to forensic and anthropometric
investigations in identifying the remains of unknown dead
bodies in Egypt. Because of the unavailability of the stature
of the individuals included in this study, it was difﬁcult to test
the exactness of the results with the bone fragments. Therefore,
further studies are required when more information about the
individuals is available, and both humerus bones, right and left
are required.
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